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Abstract 
Several climatic periods, cooler than today, were evidenced on the Rwenzori Mountains, by the 
accumulation of moraines deposited by glaciers that advanced to lower altitudes on the mountain slopes. 
This paper provides evidence from pollen analysis that between ca. 9300 and ca. 6400 yr. B.P., Hagenia 
abyssinica and Ericaceae, trees typical of the junction bamboo-zone-ericaceous belt (altitude 3000 m), were 
distributed in significant abundance in the vegetation surrounding bog 2 (altitude 2500 m). This lowering of 
vegetation belts suggests climatic conditions cooler than today by about 3 ⁰C. The co-existence of 
ericaceous vegetation and montane forest evidenced from ca. 9300 to ca. 6400 yr. B.P. is in agreement with 
the Omurubaho glaciation reported to have occurred on the Rwenzori from ca. 10 000 to ca. 5000 yr. B.P. 
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1. Introduction 
The sediment core 3 discussed in this paper was recovered by Dr. Henry Osmaston from a bog situated on the 
northern dipping ridge of the Rwenzori Mountain, Western Uganda. In one of the valleys on the ridge, at a point 
where the Bwamba Pass crosses the ridge at 2500 m, are found five almost circular depressions containing 
Carex and Sphagnum bogs. It is from one of these bogs that the sediment core 3 analysed for pollen presented in 
this paper was recovered. The location of core 3 is latitude 0⁰ 41’ 16’’ N 30⁰ 07’ 57”, longitude 30⁰ 07’ 57” E and 
altitude 2500 m. The ridges surrounding the bog are 15 to 10 m high in the south and east while in the west the 
ridges rise to 30 m. To the north, a rise of 1 m separates the cored bog from another bog. A small v-notch in the 
eastern side provides a small overflow of the water from the bog (Osmaston, personal notes). 
1.1 Climate of the Rwenzori Region 
Due to its location near the equator, the inter-tropical convergence zone (ITCZ) lies close to the mountain range 
for most of the year and supplements it with orographic rainfall. The southeast monsoon dominates in the region 
from April to October while the northeast monsoon dominates from October to March. There are incursions of 
moist westerly winds and dry northerly ones or occasionally southerly ones. Rainfall data is scares. 
Measurements have been done by Hauman (1933) and Osmaston (1965). The mean monthly rainfall in dry 
season June – July is less than 127 mm. The average monthly rainfall during the wet season August – December 
is 203 mm. The temperatures have been measured by Abruzzi (1907), Hauman (1933), Bergstrom (1955), 
Temple (1961) and Osmaston (1965). All these workers agree with a lapse rate of 2⁰ C per 305 m. 
1.2 Vegetation of Mount Rwenzori 
Mount Rwenzori, though located in a Rift Valley, rises to 5109 m. Its vegetation communities display a zonal 
distribution linked to altitude and therefore to rainfall and temperature conditions. From the Rift Valley (619 m) 
is a dry savannah that passes upwards into Combretaceae woodland. Above 2000 m on the Rwenzori slopes, the 
woodland is replaced by a moist montane forest up to about 2400 m, bamboo zone from 2400 to 3000 m, heath 
vegetation from 3000 to 3800 m, afroalpine zone between 3800 and 4400 m, above which is the snow-cap 
(Eggeling, 1947, Hedberg, 1951, 1952, 1995).  
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The ridge top on which the cored bog is located is mainly bamboo forest dominated by Arundinaria alpina with 
scattered small trees and numerous ferns. The lower slopes to the east and west of the bog are occupied by 
Prunus moist montane forest, often with gaps occupied a tangle of climbers and Impatiens. Some parts of the 
lower slopes support a dry type of forest dominated by Terminalia brownii. Bamboo trees overhang the edge of 
the bog. Water of about 30 m deep form the outer zone of the bog. From here inwards is a belt of Curex sp. 
Juncus sp. Sphagnum sp. Orchidaceae, Asteraceae shrubs and Stellaria sp.. The Cyperaceae occupy the centre of 
the bog. The other plants growing on the bog are Labiatae, Miscanthidium, Osmunda and Polypodium 
(Osmaston, personal notes). 
1.3 Materials and methods 
Henry Osmaston cored the bog in August 1960 with a Jarret auger. Sampling was done as soon as the core was 
retrieved in the field and the sediments were put in glass bottles. The sampling interval is 5 or 10 cm. The 
sediments at the base of the core are fine silts alternating with layers of peat. Above 9400 cm it is stiff peat with 
much wood and other vegetation remains.  
The chemical treatment that concentrated the pollen was done by S. Kyeyune following the Erdtman’ method 
(1943). Pollen identification was based on a collection of reference slides made by Osmanston and publications 
(Bonnefille, 1971a, 1971b, Hamilton, 1976, Riollet and Bonnefille, 1976, Bonnefille and Riollet, 1980. A “Carl 
Zeiss D-7082 microscope was used for pollen identification and counting. In all samples analysed, the minimum 
counts of 200 grains of regional origin and at least 400 grains of total taxa were achieved. The only exceptions 
are levels 7.5 m and 76 m with 123 regional taxa out of 281 total pollen and 221 regional taxa out of 327 total 
pollen respectively. On the pollen diagram, the percentages of spores and aquatic taxa are calculated with respect 
to the pollen sum of all the identifiable pollen and spores. The percentages of arboreal, herbaceous and 
undifferentiated taxa (including unknowns) are calculated with respect to a sum of identifiable grains from which 
the spores and aquatic taxa have been excluded. 
1.4 Dating 
Beta-analytic (Florida, USA) provided a carbon-14 date of 8790 + 100 yr. B.P. for level 9.2 m. It was obtained 
by accelerator Mass Spectrometer analysis (Standard-AMS).  Ages can be estimated on the sediments of this 
core using a date obtained on a volcanic tuff aged 4030 + 40 yr. B.P. located 1500 mm above the top of this core.  
 
2. Results 
Twenty-nine levels of short core 3 have been analysed and the spectra of the main taxa are shown in the pollen 
diagram (Figure 1). The later is divided into three zones. Zone 1 (10.45 to 10.35 m) is characterised by the 
scarcity of arboreal taxa, high abundance of grass pollen and small amounts of aquatic taxa.  
Zone 2 (10.35 to 9.55 m) is marked by an increase in the abundance and diversity of taxa. The tree taxa: Olea, 
Celtis, Macaranga, Chlorophora excelsa, Alchornea, Rapanea melanophloes, Schefflera, Croton and Ilex mitis 
occur in significant abundance. Occasionally, Prunus africana, Dombeya, Afrocrania volkensii and Opilia are 
significant. The non-arboreal and aquatic taxa are relatively abundant.  
Zone 3 is characterised by the occurrence in significant amounts of the pollen of Hagenia abyssinica and 
Ericaceae. The pollen of Olea dominates the arboreal taxa followed by Celtis, Macaranga, Chlorophora excelsa 
and Alchornea. Rapanea melanophloes, Schefflera, Croton-type, Afrocrania volkensii and Opilia are 
occasionally significant. The non-arboreal taxa particularly the grass pollen, Urticaceae and Tubuliflorae are 
abundant. The aquatic taxa and spores are significant. 
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Figure 1. Pollen diagram. For aquatics and spores, the percentages are calculated using the sum of identifiable 
pollen and spores. For AP, NAP and Undifferentiated taxa the aquatics and spores are excluded from the sum. 
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Figure 1. Pollen diagram. For aquatics and spores, the percentages are calculated using the sum of identifiable 
pollen and spores. For AP, NAP and Undifferentiated taxa the aquatics and spores are excluded from the sum. 
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Figure 1. Pollen diagram.  For aquatics and spores, the percentages are calculated using the sum of identifiable 
pollen and spores. For AP, NAP and Undifferentiated taxa the aquatics and spores are excluded from the sum. 
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Figure 1. Pollen diagram. For aquatics and spores, the percentages are calculated using the sum of identifiable 
pollen and spores. For AP, NAP and Undifferentiated taxa the aquatics and spores are excluded from the sum. 
 
3. Interpretation 
Zone 1 (ca. 10700 to ca. 10500 yr. B.P.). The very low abundance of tree taxa suggest an open vegetation 
environment. The tree formations were greatly reduced and located far from the bog. Myrica salicifolia, being 
versatile, does not provide valuable information on ecology or climate of the time. The very high abundance of 
the unknown pollen 1 and 2 suggest that the plants that produced these pollens were most likely growing on the 
bog at the time. The grass pollen attests to an open vegetation environment on the Rwenzori slopes.  The pollen 
data associated with rarity of aquatic taxa and Urticaceae infer a dry climate. The silty nature of the sediments 
supports this hypothesis. 
Zone 2 (ca. 10500 to 9300 yr. B.P.). The trees in this zone attain 50% suggesting a significant geographic 
extension of forest around the bog. The occurrence of Umbelliferae may signify that local openings still existed 
in the stature of the montane forest. The sedimentological change from grey silt at 10.3 m to very slushy peat 
between 10.3 and 9.8 m supports the development of more vegetation cover and confirms the hypothesis of a 
more humid climate. 
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Zone 3 (ca. 9300 to 6400 yr. B.P.). During this time the existence of the montane forest near the cored site is 
evidenced by the presence of Olea, Afrocrania volkensii, Croton-type, Prunus Africana and Schefflera. The 
presence in significant abundance, of Hagenia abyssinica and Ericaceae at ca. 9300 yr. B.P., indicates occurrence 
at altitude 2500 m of taxa growing today at 3000 m.  From that time until ca. 6400 yr. B.P., the bog was situated 
at the junction bamboo zone-ericaceous belt where Hagenia abyssinica grows. The occurrence of the Hagenia 
and Ericaceae at an altitude 500 m lower than their present level implies cooler climatic conditions than the 
previous period.  Comparing with the present situation, the descent of 500 m in altitude and a lapse rate of 2 ⁰C 
/305 m (Osmaston, 1965, 1989) suggests a reduction in temperature of about 3.2 ⁰C. The high occurrences of 
non-arboreal taxa which include Umbelliferae indicate an open stature of the forested vegetation formations 
during this period. A sub-humid climate, cooler than today by about 3 ⁰C is inferred. Probably the reduced 
evapo-transpiration contributed to this humidity. 
 
4. Conclusion 
During cold periods, the vegetation growing at high altitudes on Rwenzori Mountain is slowly redistributed into 
the vegetation at lower levels. Complete replacement may depend on the duration of the cold period. Various 
sites within the region evidence temperature decrease during the last glaciation and not for the early Holocene. 
Nevertheless, this date of ca. 8790 + 100 yr. B. P. is in agreement with the Omurubaho glaciation (Osmaston, 
1967). More work on well dated cores will clarify these issues. 
 
References 
Abruzzi D. (1907). “The snow of the Nile”, Geogr. J., 29, 121-147 
Bergstrom E. (1955). “The British Rwenzori Expedition, 1952”, Journal of Glaciology, 2, 468-476.   
Bonnefille R. (1971a). “Atlas des pollens d’Ethiopie: Pollens actuels de la basse vallée de l’Omo (Ethiopie). 
Récoltes botaniques 1968”, Adansonia, 2, 3, 463-518. 
Bonnefille R. (1971b). “Atlas des pollens d’Ethiopie: principals especes des forêts de montagne”, Pollen et 
Spores, 13/1, 15-72. 
Bonnefille R. and Riollet G. (1980). “Pollens des savanes d’Afrique orientale”, C. N. R. S. ed., Paris, 140 pp. 
Eggeling W. J. (1947). Observation on the ecology of the Budongo rainforest”, Uganda. Journal of Ecology, 34, 
20-81. 
Erdtman (1943).  “An introduction to pollen analysis”, Waltham, Mass.: Chronica Botany Company. p. 239. 
Hamilton A. C. (1976). “Identification of East African urticales pollen”, Pollen et Spores, 18, 27-66. 
Hauman, L. 1933. “Esquisse de la végétation des hautes altitudes sur le Ruwenzori”, Acad. Royal. Belg. Bulletin. 
Classe Sci., sér. 5, 19:602–616; 702–717; 900–917. 
Hedberg O. (1951). “Vegetation belts of East African mountains”, Svensk Botanishe Tidskrift 45, 140-202.  
Hedberg O. (1952).  “Den afro-alpina florans uppkomst och utveckling”, Naturvetensk Forsknigsr. Arsb , 
Stockolm, 1950-51, 195-199. 
Hedberg O. (1995). “Features of afroalpine plant ecology”, Acta Phytogeographicay. Suecica, 49, 144 pp. 
Osmaston H.A. (1989). ”Glaciers, glaciation and equilibrium line altitudes on the Rwenzori”, In:  Mahaney W. 
C. (Ed.) Quaternary and Environmental Research on East African Mountains. Balkema, Rotterdam, 31-105. 
Osmaston H.A. (1967. “The sequence of glaciations in the Rwenzori and their correlation with glaciations of 
other mountains in east Africa and Ethiopia.” Palaeoecology of Africa, 2, 26-28. 
Osmaston H.A. (1965). “The past and present climate and vegetation of the Rwenzori and its neighbourhood.” 
D. Phi. Thesis. Oxford, 238 pp. 
Riollet G. and Bonnefille R. (1976). “Pollen des Amaranthacees du basin du lac Rodolphe (Afrique orientale).”  
Pollen et Spores, 18,1, 67-92. 
Temple P.H. ed. (1961). “A final report of the Makerere College International Geographical Year expeditions to 
the Rwenzori.”  Department of Geography., Makerere, Uganda. 
 
The IISTE is a pioneer in the Open-Access hosting service and academic event management.  
The aim of the firm is Accelerating Global Knowledge Sharing. 
 
More information about the firm can be found on the homepage:  
http://www.iiste.org 
 
CALL FOR JOURNAL PAPERS 
There are more than 30 peer-reviewed academic journals hosted under the hosting platform.   
Prospective authors of journals can find the submission instruction on the following 
page: http://www.iiste.org/journals/  All the journals articles are available online to the 
readers all over the world without financial, legal, or technical barriers other than those 
inseparable from gaining access to the internet itself.  Paper version of the journals is also 
available upon request of readers and authors.  
 
MORE RESOURCES 
Book publication information: http://www.iiste.org/book/ 
Academic conference: http://www.iiste.org/conference/upcoming-conferences-call-for-paper/  
 
IISTE Knowledge Sharing Partners 
EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 
Archives Harvester, Bielefeld Academic Search Engine, Elektronische Zeitschriftenbibliothek 
EZB, Open J-Gate, OCLC WorldCat, Universe Digtial Library , NewJour, Google Scholar 
 
 
